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[bookmark: _Ref174151459][bookmark: _Ref189809556]Introduction
In the last RAN2 meeting, there are the following agreements on eDRX cycles for RedCap:
	Agreements:
1. When IDLE eDRX cycle is longer than 10.24s, PH calculation formula defined in LTE is re-used, i.e. 
PH_CN:  H-SFN mod TeDRX,_CN,H= (UE_ID_H mod TeDRX_CN,H)
-  where TeDRX_CN,H is equal to IDLE eDRX cycle.
2. When IDLE eDRX cycle is longer than 10.24s, CN PTW_end calculation formula defined in LTE is re-used, i.e. 
PTW_end is radio frame satisfying SFN = (PTW_start + L*100 - 1) mod 1024, 
- where L is PTW length configured by upper layers.
3. For RRC_IDLE UE, when eDRX cycle is no longer than 10.24s, T is determined by IDLE eDRX cycle. When eDRX cycle is longer than 10.24s, during the CN PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer, and default paging cycle.
4. For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and Inactive eDRX cycle is not configured, during CN PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer, RAN paging cycle and default paging cycle.
5. For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and Inactive eDRX cycle is no longer than 10.24s, outside CN PTW, T is determined by INACTIVE eDRX cycle.

Agreements via email - from offline 105 second round:
1. RAN2 considers the configuration as an invalid case, where INACTIVE eDRX cycle is configured but IDLE eDRX cycle is not configured. FFS whether to capture this restriction in RAN2 spec.
2. RAN2 considers the configuration as invalid case, where INACTIVE eDRX cycle is longer than IDLE eDRX cycle. FFS whether to capture this restriction in RAN2 spec.
3. The maximum PTW length is 40.96s when IDLE eDRX cycle is longer than 10.24s.
4. The minimum PTW length is 1.28s and the step length/granularity of PTW length is 1.28 when IDLE eDRX cycle is longer than 10.24s.
5. Introduce an additional new IE for INACTIVE eDRX to contain all values of INACTIVE eDRX cycles (also include values >10.24, if agreed in future).
6. For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is no longer than 10.24s, T is determined by the shortest of IDLE eDRX cycle and INACTIVE eDRX cycle.
7. For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is no longer than 10.24s, during CN PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer, INACTIVE eDRX cycle and default paging cycle.
8. eDRX feature is optional for any UE (including RedCap and non-RedCap UEs).
	
Agreements via email - from offline 105 third round 
1. eDRX is optional for any gNB (either supporting RedCap or not), which means it is up to gNB implementation whether to support eDRX
Working Assumption:
2. When IDLE eDRX cycle is longer than 10.24s, CN PTW_start calculation formula defined in LTE is re-used as the baseline, as below. FFS whether CN PTW_start position could be configurable by network and in case which node decides the N value. Note: this formula would be revisited if INACTIVE eDRX cycle can be above 10.24s
PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation:
SFN = 1024/N* ieDRX, where
ieDRX = floor(UE_ID_H /TeDRX,H) mod N
FFS N = 4 or 8, FFS if N can take other values


Agreements online:
1. For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, FFS which option below is adopted for paging monitoring:
Option 1: T is determined by the shortest of RAN paging cycle, IDLE eDRX cycle, and default paging cycle.
Option 2: T is determined by the shortest of RAN paging cycle and IDLE eDRX cycle.
2. For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, FFS which option below is adopted for paging monitoring:
Option 1: T is determined by the shortest of RAN paging cycle and default paging cycle.
Option 2: T is determined by RAN paging cycle.


In this contribution, we continue to discuss eDRX mechanisms for RedCap UE.
Discussion on eDRX
[bookmark: OLE_LINK124][bookmark: OLE_LINK13][bookmark: OLE_LINK42][bookmark: OLE_LINK43]eDRX mechanism
RRC_ INACTIVE UE
[bookmark: OLE_LINK152]For RRC_INACTIVE UE configured with eDRX, configurations of eDRX for RRC_IDLE and RRC_INACTIVE can be different. As a result, the behavior of RRC_INACTIVE UEs with different eDRX configuration shall be different. 
Most combinations of eDRX configurations for RRC_DLE and RRC_INACTIVE have been discussed in the last RAN2 e-meeting, and corresponding agreements have been achieved. There are residual cases to be studied as follows:
· [bookmark: OLE_LINK122]Case 1: For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, FFS which option below is adopted for paging monitoring:
Option 1: T is determined by the shortest of RAN paging cycle and default paging cycle.
Option 2: T is determined by RAN paging cycle.
· Case 2: For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, FFS which option below is adopted for paging monitoring:
Option 1: T is determined by the shortest of RAN paging cycle, IDLE eDRX cycle, and default paging cycle.
Option 2: T is determined by the shortest of RAN paging cycle and IDLE eDRX cycle.

For case 1, UE specific DRX cycles for CN paging (if configured by NAS) and RAN paging are configured. As agreed, the UE monitors PO according to min{UE specific DRX cycle, RAN paging cycle, default paging cycle} during the CN specific PTW. While outside the PTW, UE shall monitor PO with T= min{RAN paging cycle, default paging cycle} in case of SI change notification.
For case 2, the UE shall monitor PO with min{IDLE eDRX cycle, RAN paging cycle, default paging cycle}, wherein the default paging cycle is considered in case of SI change notification.
Based on above, we propose the following:
Proposal : For RRC_INACTIVE UE, if IDLE eDRX cycle is longer than 10.24s, but INACTIVE eDRX cycle is not configured, UE monitors PO outside the PTW with T= min { RAN paging cycle, default paging cycle}.
Proposal : For RRC_INACTIVE UE, if IDLE eDRX cycle is less than or equal to 10.24s, but INACTIVE eDRX cycle is not configured, UE monitors PO with T= min {IDLE eDRX cycle, RAN paging cycle, default paging cycle};

[bookmark: OLE_LINK48][bookmark: OLE_LINK49]PTW formulation
Besides the eDRX cycle, there are other aspects to be determined, i.e., the PTW configuration. Taking LTE eDRX as a baseline, a UE configured with an eDRX cycle above 10.24 seconds monitors POs during a periodic Paging Time Window (PTW) configured for the UE or until a paging message including the UE's NAS identity is received for the UE during the PTW, whichever is earlier. The PTW is UE-specific and is determined by a Paging Hyperframe (PH), a starting position within the PH (PTW_start) and an ending position (PTW_end). The PH is the H-SFN satisfying the following equation
[bookmark: OLE_LINK105]H-SFN mod TeDRX,H= (UE_ID_H mod TeDRX,H),    (1)
[bookmark: OLE_LINK101]while PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation:
[bookmark: OLE_LINK110]SFN = 256* ieDRX, where ieDRX = floor(UE_ID_H /TeDRX,H) mod 4      (2)
Proposal : Reuse the legacy formula to determine the PTW_start, i.e., N = 4.

systemInfoModification-eDRX
[bookmark: OLE_LINK31]In non-eDRX scenario, when the network changes (some of the) system information, it first notifies UEs about this change via Short Messages, and transmits the updated system information in the following modification period. The length of modification period (MP) equals modificationPeriodCoeff *defaultPagingCycle and the value of modificationPeriodCoeff ranges from 2 to 16 in NR. 
	Bit
	Short Message

	1
	systemInfoModification
If set to 1: indication of a BCCH modification other than SIB6, SIB7 and SIB8.

	2
	etwsAndCmasIndication
If set to 1: indication of an ETWS primary notification and/or an ETWS secondary notification and/or a CMAS notification.

	3
	stopPagingMonitoring
This bit can be used for only operation with shared spectrum channel access and if nrofPDCCH-MonitoringOccasionPerSSB-InPO is present.
If set to 1: indication that the UE may stop monitoring PDCCH occasion(s) for paging in this Paging Occasion as specified in TS 38.304 [20], clause 7.1.

	4 – 8
	Not used in this release of the specification, and shall be ignored by UE if received.



With eDRX mechanism introduced in NR, the eDRX cycle may be larger than the BCCH modification period. Then, UEs configured with eDRX may miss the SI change notification. In LTE, an additional SI modification indication systemInfoModification-eDRX and a eDRX acquisition period were introduced. Specifically, a UE configured with a DRX cycle longer than the modification period, which receives in an eDRX acquisition period at least one Paging message including the systemInfoModification-eDRX, shall acquire the updated system information at the next eDRX acquisition period boundary. Additionally, the UE configured with a DRX cycle longer than the modification period, shall verify that the stored system information remains valid if at least one modification period boundary has passed since the UE last verified validity of stored system information, before establishing or resuming an RRC connection.
In eMTC, systemInfoModification-eDRX is transmitted either in the Paging message or in Direct Indication information transmitted on MPDCCH using P-RNTI but without associated Paging message. When systemInfoModification-eDRX is indicated, the UE shall acquire the updated system information at the next eDRX acquisition period boundary. 

Similar method can be applied in NR. When IDLE eDRX cycle is configured and longer than MP, the RRC_IDLE UE should follow systemInfoModification-eDRX. 
Proposal 4: systemInfoModification-eDRX applies to RRC_IDLE UE configured with IDLE eDRX cycle longer than the modification period.

In eMTC, the systemInfoModification-eDRX also applies to RRC_INACTIVE UEs and the idle mode eDRX cycle, if configured, is used to compare with the modification period.
A similar approach can also be applied to NR, However, the cases may be complex with consideration of different IDLE/INACTIVE eDRX configurations.
Case 1: For RRC_INACTIVE UE, when IDLE eDRX is longer than MP and INACTIVE eDRX cycle is not configured 
In this case, during the PTW, the UE will monitor PO with T = min{UE specific DRX cycle if configured by upper layer, RAN paging cycle, default paging cycle}. If the PTW occurs in the MP wherein systemInfoModification is broadcasted, there is no SI change notification miss by listening to the legacy SI change indicator systemInfoModification. While outside the PTW:  
· If P3 is adopted, UE will monitor PO with considering the default paging cycle, it will never miss any SI change indicator systemInfoModification, so it is not necessary to listen to systemInfoModification-eDRX. 
· If P3 is not adopted, UE will monitor PO with RAN paging cycle. If RAN paging cycle is no longer than MP, UE will not miss any legacy SI change indicator systemInfoModification, so it is also not necessary to listen to systemInfoModification-eDRX. When the RAN paging cycle is also longer than MP, the UE may not receive the legacy SI change indicator systemInfoModificatio either in PTW or outside PTW. Thus the UE needs to listen to systemInfoModification-eDRX.

Case 2: For RRC_INACTIVE UE, when IDLE eDRX is longer than MP and INACTIVE eDRX cycle is no longer than MP.
In this case, during the PTW, the UE will monitor PO with T={UE specific DRX cycle if configured by upper layer, INACTIVE eDRX cycle, default paging cycle}. Outside the PTW, the UE will monitor PO with INACTIVE eDRX cycle. It is not necessary for the RRC_INACTIVE UE to listen to the new indicator systemInfoModification-eDRX.

Case 3: For RRC_INACTIVE UE, when IDLE eDRX is longer than MP and INACTIVE eDRX cycle is longer than MP.
In this case, we assume a short default paging cycle is assumed and the MP is shorter than the configured INACTIVE eDRX cycle. Outside the PTW, the UE will monitor PO with INACTIVE eDRX cycle, and it is possible for the UE to miss legacy SI change indicator systemInfoModification. Therefore, it is necessary to listen to systemInfoModification-eDRX.

Case 4: For RRC_INACTIVE UE, when IDLE eDRX is no longer than MP. Since INACTIVE eDRX cycle configured by RAN is up to the IDLE eDRX cycle, INACTIVE eDRX is also no longer than MP. In this case, it is not needed to listen to systemInfoModification-eDRX.

Therefore, only when INACTIVE eDRX cycle is configured and longer than MP, the RRC_ INACTIVE UE should follow systemInfoModification-eDRX.
Proposal 5: systemInfoModification-eDRX applies to RRC_INACTIVE UEs configured with INACTIVE eDRX cycle longer than the modification period.
[bookmark: _Ref433086885]Conclusion and Proposals
In this contribution, eDRX for reduced capability UEs was discussed with the following observations and proposals:
Proposal 1: For RRC_INACTIVE UE, if IDLE eDRX cycle is longer than 10.24s, but INACTIVE eDRX cycle is not configured, UE monitors PO outside the PTW with T= min { RAN paging cycle, default paging cycle}.
Proposal 2: For RRC_INACTIVE UE, if IDLE eDRX cycle is less than or equal to 10.24s, but INACTIVE eDRX cycle is not configured, UE monitors PO with T= min {IDLE eDRX cycle, RAN paging cycle, default paging cycle};
Proposal 3: Reuse the legacy formula to determine the PTW_start, i.e., N = 4.
Proposal 4: systemInfoModification-eDRX applies to RRC_IDLE UEs configured with IDLE eDRX cycle longer than the modification period.
Proposal 5: systemInfoModification-eDRX applies to RRC_INACTIVE UEs configured with INACTIVE eDRX cycle longer than the modification period.
References
[1] [bookmark: _Ref66088502][bookmark: _Ref70261794][bookmark: _Ref70608276]R2-2104367, Summary of offline 101 - [REDCAP] eDRX cycles - second round.
	4/4	
